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Benefits of single 
approach

1. Include biological 
mechanism

2. Improved 
communication

3. Similar review 
standards and 
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Spatio-temporal model



www.FishStats.org

1. FishViz

ï Visualizes results worldwide

2. SpatialDeltaGLMM

ï Single-species index model

3. VAST

ï Multi-species index model

4. SpatialVAM

ï Estimate species interactions

5. FishData

ï Scrape data worldwide

6. FishStats-listserv

ï Community updates by email

Spatio-temporal fisheries toolbox

http://www.fishstats.org/
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Spatio-temporal models for populations

Thorson, Shelton, Ward, and Skaug. 2015. 

Geostatistical delta-generalized linear 

mixed models improve precision for 

estimated abundance indices for West 

Coast groundfishes. ICESJMS  72:1297ς

1310.



Delta-generalized linear mixed model (Delta-GLMM)

Å Delta-model for observations

0Òὄ ὦ
ρ ίȟὸ ÉÆὄ π

ίȟὸ ὫὄȠ‗ίȟὸ ÉÆὄ π

ï Where ίȟὸis the probability of encountering the species

ï ὫὄȠ‗ίȟὸ is a distribution for positive catches

Å Spatio-temporal variation in encounter probability

ÌÏÇÉÔίȟὸ  ὸ  ί ‐ ίȟὸ

ï  ὸis the intercept for each year

ï Where and ὸfollow a spatial distribution

Å Spatio-temporal variation in density

ÌÏÇ‗ίȟὸ  ὸ  ί ‐ίȟὸ

ï Where parameters are defined similarly to ίȟὸ

Å Used to predict local density

Ὠίȟὸ ίȟὸ ‗ίȟὸ

ï Where ίȟὸand ‗ίȟὸare predictions conditioned on data
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Walleye pollock in 
Eastern Bering Sea

(density, log kg. per square km.)



Useful outputs
1.   Total abundance (units: kilograms)

Ὅὸ ὨίȟὸὨί

2.   Average density (units: kilograms per square-kilometer)

Ƕ‘ὸ
Ὠίȟὸ

Ὅὸ
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3.   Center of distribution (units:  kilometers relative to reference location)

ὢὸ
Ὠίȟὸ

Ὅὸ
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4.   Effective area occupied (units: square-kilometers)

Ὤὸ
Ὅὸ

Ƕ‘ὸ
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Abundance indices
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Year
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Density-dependent 
habitat selection

Å Do populations shrink their range 
when abundance is low?

Å Average

ï Small contraction in range

ï Greatest in Eastern Bering Sea

Arrowtooth flounder
Eastern Bering Sea

Arrowtooth flounder
EBS
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Thorson, Rindorf, Gao, 
Hanselman, and Winker. 
2016. Density-dependent 
changes in effective area 
occupied for sea-bottom-
associated marine fishes. 
ProcR SocB 283(1840).



10

Model-based
Abundance-
weighted average

Distribution shifts

ÅHighly variable 
distribution for semi-
pelagic species

ïDogfish

ïSablefish

ïHake 

ÅFew clear trends

ïDepends on time-
scale

Thorson, Pinsky, and Ward. 2016. 
Model-based inference for estimating 
shifts in species distribution, area 
occupied and centre of gravity. 
Methods Ecol. Evol. 7(8): 990ς1002.



Has been applied to >15 regions worldwide
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